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STACKED PROJECTILE LAUNCHER AND
ASSOCIATE METHODS

CROSS-REFERENCES TO RELAT
APPLICATIONS

T
w

This application 1s a U.S. National Phase application under
35 U.S.C. §371 of International Application No. PCT/

AU2010/000132, filed Feb. 8, 2010, which claims priority to
Australian patent application No. 2009900462, filed Feb. 6,

2009. The disclosure of the above-identified applications 1s
incorporated by reference herein 1n 1ts entirety.

BACKGROUND OF THE INVENTION

This mvention relates to stacked projectile launchers in
general. Specifically, the invention includes a barrel insert, a

barrel assembly, a method of firing axially stacked projec-
tiles, a method of configuring a stacked projectile launcher,
and a stacked projectile launcher.

DESCRIPTION OF THE PRIOR ART

Reference 1n this specification to any prior publication (or
information derived from it), or to any matter which 1s known,
1s not, and should not be taken as an acknowledgment or
admission or any form of suggestion that the prior publication
(or information derived from it) or known matter forms part of
the common general knowledge 1n the field of endeavour to
which this specification relates.

The current Applicant has developed a number of stacked
projectile launcher systems. Certain applications of these
types of stacked projectile launcher systems require that pro-
jectiles fired from a single barrel have substantially simailar
muzzle velocities.

For example, airburst grenades or similar projectiles can be
fired from these stacked projectile weapons. In these appli-
cations, 1t becomes important that each projectile leaves a
barrel of the weapon at similar muzzle velocities as such
projectiles can have fuses or timing circuitry for arming or
detonating a payload of the projectile after a certain amount of
time has elapsed after the projectile has been fired. If the
stacked projectiles have different muzzle velocities when
fired, 1t can become difficult to configure proper arming or
detonation timing. This difficulty similarly applies to launch-
ing of stacked fireworks.

Another application includes less than lethal projectiles

which are required to leave the barrel with consistent prede-
termined muzzle velocities such that the desired terminal
elfect can be achieved.

Range and trajectory are in part determined by muzzle
velocity, particularly with low muzzle velocity applications.
But even with low muzzle velocity applications, up to 400
m/s, the pressures generated within the barrel can be very high
to extreme, e€.g. reaching pressures in the 10 s of MPa to 100
s of MPa depending on the mass of the projectile. This makes
consistent muzzle velocities difficult to achieve, particularly
for travelling charge projectiles and particularly where the
same weapon 1s to fire a variety of projectiles with, for
example, varying masses.

Furthermore, achieving consistent muzzle velocity in
stacked projectile launchers 1s particularly difficult to achieve
in applications where the projectiles are loaded into the
launcher by hand. The friction between the projectile and
barrel wall must be sufficiently low for the projectile to be
inserted manually, 1.e. a loose fit, whilst at the same time
allowing sufficient friction between the barrel wall and pro-
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2

jectile to allow for pressure generated sealing between the
barrel wall and projectile when the projectile 1s fired.

SUMMARY OF THE

PRESENT INVENTION

According to a first aspect of the invention there 1s provided
a barrel 1nsert for use with a barrel contaiming a plurality of
axially stacked projectiles, the barrel insert having a proximal
and a distal end, the distal end adapted to engage a proximally
disposed projectile disposed 1n the barrel, the barrel nsert
defining an expansion volume for propellant gases for launch-
ing the proximally disposed projectile at a predetermined
velocity.

Typically, the distal end includes a circumierential groove

adapted to engage a clip on the projectile disposed 1n the
barrel.

Typically, the expansion volume i1s defined 1n part by a
chamber within the insert, the nsert including at least one
aperture in communication with the chamber.

Typically, the at least one aperture 1s disposed 1n the proxi-
mal end of the insert.

—

I'ypically, a portion of the proximal end of the barrel insert
extends from the barrel, 1n use.

Typically, the barrel insert includes a breech closure for use
with the barrel.

Typically, the barrel msert includes a spigot extending

from the proximal end.
Typically, the chamber extends 1nto the spigot.
Typically, the barrel 1nsert includes a rear portion attached
to an end of the spigot, the chamber extending through the
sp1got and 1nto the rear portion.

Typically, the rear portion 1s configured such that a volume
thereof 1s variable.

Typically, the barrel insert includes a compressible seal
adjacent the proximal end.

According to a further aspect of the invention there is
provided a barrel assembly for a projectile launcher including,
a barrel having a proximal end and a distal end, the barrel
including a plurality of selectively launchable projectiles axi-
ally disposed therein, a most proximally disposed projectile
in engagement with the barrel insert of the first aspect of the
invention.

Typically, each of the projectiles includes a discrete selec-
tively 1gnitable propellant charge.

According to a further aspect of the invention there is
provided a barrel assembly for a stacked projectile launcher,
said barrel assembly configured to recerve a plurality of axi-
ally stacked projectiles, each projectile associated with a dis-
crete selectively i1gnitable propellant charge, the barrel
assembly including:

a barrel for recerving the stacked projectiles, said barrel and
projectiles together defining discrete expansion volumes
for each propellant charge; and

a barrel closure configured so that an expansion volume for
the projectile most proximally disposed to the closure 1s
predetermined 1n proportion to the expansion volumes
for the other projectiles in order to minimize muzzle
velocity variation between said projectiles when each
propellant charge 1s 1gnited.

Typically, the barrel closure has a proximal and a distal
end, the distal end adapted to engage a proximally disposed
projectile disposed 1n the barrel.

Typically, the proximal end of the barrel closure includes a
chamber 1n communication with apertures defined radially
around a circumfierence of the barrel closure, said chamber

providing additional expansion volume.
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According to a yet further aspect of the invention there 1s
provided a barrel assembly for a stacked projectile launcher,

the barrel assembly 1ncluding;;
a barrel; and
a plurality of axially stacked projectiles, each projectile
associated with a discrete selectively 1gnitable propel-
lant charge, said barrel and projectiles together defining
discrete expansion volumes for each propellant charge,
wherein the barrel 1s configured so that an expansion volume
for the last projectile disposed therein 1s predetermined 1n
proportion to the expansion volumes for the other projectiles
in order to minimize muzzle velocity variation between said
projectiles when each propellant charge 1s 1gnited.

Typically, the barrel assembly includes a cartridge.

According to another aspect of the invention there 1s pro-
vided a method of firing a plurality of axially stacked projec-
tiles from a single barrel, each projectile associated with a
discrete selectively ignitable propellant charge, the barrel and
projectiles together defiming discrete expansion volumes for
cach propellant charge, the method including the steps of:

providing a volume behind the rearmost projectile 1n the

barrel, said volume predetermined to be proportional to
the expansion volumes defined for the other projectiles;
and

firmg the projectiles sequentially, wherein the volume

behind the rearmost projectile 1s predetermined to mini-
mize muzzle velocity variation between the projectiles
when each propellant charge 1s 1gnited.

According to a yet further aspect of the invention there 1s
provided a method of configuring a stacked projectile
launcher, the launcher having a barrel with a plurality of
axially stacked projectiles, each projectile associated with a
discrete selectively ignitable propellant charge, the barrel and
projectiles together defiming discrete expansion volumes for
cach propellant charge, said method including the step of
providing a volume behind the rearmost projectile in the
barrel, said volume predetermined to be proportional to the
expansion volumes defined for the other projectiles to mini-
mize muzzle velocity variation between the projectiles when
cach propellant charge 1s 1gnited.

Typically, the step of providing the volume includes the
step of inserting a barrel 1nsert into the barrel for locating the
rearmost projectile in a predetermined position 1n the barrel.

Typically, the step of providing the volume includes the
step of providing a barrel closure behind the rearmost projec-
tile, wherein the barrel closure at least partially defines the
volume.

Typically, the volume 1s variable.

According to a yet further aspect of the invention there 1s
provided a stacked projectile launcher including a barrel
assembly according to any of the other aspects of the mven-
tion above.

BRIEF DESCRIPTION OF THE DRAWINGS

An example of the present invention will now be described
with reference to the accompanying drawings, in which:

FIG. 1 shows a diagrammatic side-sectional representation
of a prior art barrel assembly of a stacked projectile launcher;

FI1G. 2 shows a diagrammatic side-sectional representation
of a of a barrel assembly of a stacked projectile launcher;

FIG. 3 shows a diagrammatic side-sectional representation
of a further example of a barrel assembly of a stacked projec-
tile launcher;

FI1G. 4 shows a diagrammatic side-sectional representation
of a yet further example of a barrel assembly of a stacked
projectile launcher;
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4

FIG. 5 shows a diagrammatic side-sectional representation
of another example of a barrel assembly of a stacked projec-

tile launcher;

FIG. 6 shows a diagrammatic side-sectional representation
of an additional example of a barrel assembly of a stacked
projectile launcher; and

FIG. 7 shows a diagrammatic side-sectional representation
of a yet further example of a barrel assembly of a stacked
projectile launcher.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

With reference now to FIG. 1 of the drawings, a prior art
barrel assembly 1s shown. The barrel assembly includes a
barrel 10 and a plurality of projectiles 12 axially stacked
within the barrel 10. The barrel 10 1s closed at one end by
means of barrel closure 26. The stacked projectiles 12 are
disposed 1n the barrel 10 and abut, as a whole, against the
closure 26 as shown.

In the prior art shown, each projectile 12 includes a payload
14 and a tail portion 16. The payload 1s typically a high-
explosive, an incendiary, a smoke-producing material, a sen-
sor package, fireworks, less than lethal slug or sponge, a solid
slug, or the like. It1s to be appreciated that the payload 14 may
be a wide variety of materials and/or devices as 1s readily
understood in the art. The tail portion 16 of this prior art
stacked projectile launcher includes a propellant charge 22
via which the relevant projectile 1s launched from the barrel
10. In other prior art, the propellant charges are located exter-
nal to the barrel. The present invention also applies to external
propellant stacked projectile launchers, whereby the propel-
lant 1s arranged 1n chambers external to the barrel.

The prior art launcher shown employs induction 1igmition of
the propellant charges. The barrel 10 includes a plurality of
primary inductors 18 associated with corresponding second-
ary inductors 20 in each projectile 12. The primary inductors
facilitate 1gnition of the respective propellant charges 22 of
cach projectile by means of the associated secondary inductor
20 1n the tail portion of the projectiles 12. The specifics of a
relevant firing system are beyond the scope of this description
and will not be described 1n any detail.

It 1s to be appreciated that the propellant charges 22 of the
different projectiles typically includes a similar amount of
combustible material, e.g. propellant, etc., as the projectiles
are typically mass-produced. Providing projectiles with dii-
tering propellant loads depending on their firing position 1n
the barrel 1s very undesirable leading to unmanageable inven-
tortes and complex logistics and a more complex and less
usable product.

A person skilled 1n the art of internal ballistics will also
recognize that an 1deal propellant burn 1s difficult to achieve
with many variables to consider including propellant type,
propellant volume, propellant load density, static and kinetic
friction, inertia of the projectile, peak pressure, barrel diam-
eter and length, etc. This 1s particularly difficult for travelling
charge projectiles.

As with single shot projectile launchers, the entire length of
the barrel 1s desirably utilized by expanding gasses for push-
ing the projectile along the barrel similar to a piston 1n a piston
engine. However 1n stacked projectile launchers, the volume
available rearwardly from the propellant charge when the
projectile 1s launched 1s less predictable due to the varying
positions of the projectiles along the barrel inherent for such
stacked projectiles.

The tail portions 16 define an expansion volume 24 for
expansion gasses produced when a propellant charge 1is
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1gnited to propel a projectile from the barrel 10. Such expan-
sion volume generally includes any space between the tail
portion of a leading projectile. Further expansion occurs
between a trailing projectile and an inside bore of the barrel
10, as “blowback” may occur from a leading projectile past a
trailing projectile in the direction of the barrel closure. This 1s
particularly so where projectiles are to be manually pushed
into the barrel and the projectiles will necessarily be a rela-
tively loose fit into the barrel. Hence for manual reload of a
large caliber, the expansion volume available can be large.

As previously mentioned, it 1s important that the muzzle
velocities of mass produced stacked projectiles are substan-
tially similar when they are launched from the barrel 10. The
Applicant has 1dentified that there may be discrepancies in
muzzle velocities between the leading projectiles launched
from the barrel 10 and that of the last trailing projectile
disposed most proximate to the barrel closure 26. These dis-
crepancies may be attributed to differences 1n expansion vol-
umes due to “blowback™ of 1gnition gasses down the barrel
10, as mentioned above.

It has been found from extensive testing of a configuration
of projectiles that the substantial volume of “blowback™
extends the length of approximately one trailing projectile as
shown by the shading 1n FIG. 1. Similarly, the force applied to
a stack of projectiles by firing the lead projectile causes the
stack to compress. This compression may occurdueto e.g. the
wedge sealing inventions described in the Applicant’s previ-
ous patent applications. Such compression may affect the
volume available for expansion gasses. The rate of compres-
sion may also effect the expanding of the gasses for propel-
ling the projectile. (The skilled addressee will recognize that
the internal ballistics of a travelling charge projectile 1n a
compressible stack 1s very complex.) Of course, such an
elfect on the expansion volume rearward of a projectile 1s not
present for the last projectile. In a wedge sealing arrange-
ment, the portion of the expansion volume 24 shown in FIG.
1 that 1s further downstream from the wedge seal of the
trailing projectile will be substantially eliminated.

With reference now to FIG. 2 of the drawings, there 1s
shown an embodiment of the invention including a barrel 30
with projectiles 32, 34, 36 axially stacked in the barrel 30. The
projectiles 32, 34, 36 ecach include a tail portion 50 with a
propellant charge 58 1in propellant chambers 52. Also
included are the secondary inductors 54 with primer 56 for
inductive 1ignition of the propellant charge 38. Each projectile
also 1includes a circumierential groove around the nose of the
projectile and a clip or clips 48 whereby the projectiles may
be clipped together to e.g. prevent separation during transport
and firing as well as assisting propellant burn prior to release
during use.

One embodiment of the barrel insert 38 1s shown. Barrel
insert 38 generally has a proximal and a distal end, the distal
end adapted to engage a proximally disposed projectile 36
disposed in the barrel 30. The barrel insert 38 defines an
expansion volume 40 for propellant gases for launching the
proximally disposed projectile 36 at a predetermined velocity
from the barrel 30.

By configuring the barrel insert 38 to define a certain
expansion volume 40 for the gasses released by 1gnition of the
propellant charge of the last projectile 36, 1t 1s possible to
control the muzzle velocity of the last projectile 36.

The distal end of the insert 38 also includes a circumier-
ential groove 46 adapted to engage a clip or clips on the last
projectile 36 disposed 1n the barrel 30. This groove 46 1s
similar to grooves defined by the leading projectiles 34, 32
and facilitates stacking of the projectiles 1n the barrel. The
volume 40 1s defined in part by a chamber 42 within the insert
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38, as shown, with the insert 38 including apertures 44 com-
municating with the chamber 40. In another embodiment, the
insert 38 may include a single aperture (not shown) through
the centre of the distal end of the insert 38.

The volume 1s also defined 1n part by the apertures 44 and
can be varied be changing the number of apertures, their
diameter and the thickness of the wall through which they
extend. These varniables of the apertures may also be config-
ured to control the rate of flow of expanding propellant gasses
into the chamber 42. In one embodiment, the apertures 44 are
disposed 1n the proximal end of the insert 38 and are posi-
tioned proximally of the groove 46, as shown.

The volume 40 1s also defined in part by the volume
between the barrel insert 38 and the bore of the barrel. This
volume may generally be regarded as surrounding the proxi-
mal end of the msert 38 extending rearward from the groove
46. By increasing the axial length of the proximal end, the
volume surrounding the proximal end, the volume defined by
the apertures 44 and the volume of chamber 42 can also be
varied. This adjustment, or tuning, of the projectile launcher
may be completed during development or as a factory setting
of the launcher or may occur 1n the field. Field adjustment
may include a variable barrel insert 38 where a volume 1n the
insert or a dimension of the insert can be varied. Alternatively,
adjustment 1n the field may be effected through using inter-
changeable inserts 38 or interchangeable parts thereof. Each
insert 38 or interchangeable part thereof has been set for a
particular projectile.

Increasing the axial length of the insert 38 that 1s rearward
of the groove 46 will move the stack of projectiles forward 1n
the barrel. Alternatively, where an 1nitiation means, €.g. the
primary inductors are fixed, the barrel may be extended rear-
wardly so the e.g. secondary coils 54 remain 1n alignment
with the primary coils. In external propellant stacked projec-
tile launchers the projectiles similarly may need to remain in
alignment with their respective external propellant chamber.

Predictable burning of the propellant 1s important for pre-
dictable muzzle velocity. The embodiment of FIG. 2 shows
the nose of the barrel msert 38 forward of the groove 46
matching the shape of the nose of the projectiles forward of
their grooves. The benefit of such a preferred arrangement 1s
to ensure that at least the mitial stages of the propellant burn
of the last projectile and the expansion of the respective
gasses will match that of the leading projectiles. As such, the
volume available to expanding propellant gasses between the
leading projectiles will be similar to the volume between the
last projectile and the distal end of the barrel msert 38; 1n
particular the portion of the distal end forward of the groove
46. In the arrangement shown in FI1G. 2, there 1s little expan-
s1on volume between projectiles. In other arrangements there
may be a substantially larger volume between projectiles and
accordingly between the last projectile and barrel insert 38.

As described above, the effect of the compressible stack on
the available expansion volume rearward of a projectile 1s not
present for the last projectile. Hence the volume defined by
the barrel insert 38 may necessarily need to be larger than the
static expansion volume 24 shown in FIG. 1.

It 1s to be appreciated that, 1n different embodiments of the
invention, the barrel isert 38 may form a breech closure for
use with a barrel. In such an embodiment, the projectiles may
be loaded 1nto the barrel by removing the breech closure (the
barrel insert 38). As such, the barrel insert 38 1s configured for
detachment from the barrel to allow access to the breech so
formed. The msert 38 may include an external thread for
engaging a corresponding internal thread on the barrel. The
thread may be configured for complete attachment to detach-
ment 1n a quarter-turn thread arrangement. A bayonet type
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coupling, clamp with over-centre toggle, or other coupling
may be included 1nstead of a threaded coupling.

Accordingly, the volume 40 can be predetermined so that
the expansion volume for the last projectile 36 1s proportional
to the discrete expansion volumes defined by the other lead-
ing projectiles and the barrel. This minimizes muzzle velocity
variation between said projectiles when each propellant
charge 1s 1gnited.

FI1G. 3 shows a barrel insert 38 including a breech closure.
As 1n the embodiment of FIG. 2, the insert includes a thread
60 for attachment to the barrel. The chamber may include a
mechanism for varying the volume. In this example of the
embodiment the msert includes a plug 66 threadably engaged
with the insert. By screwing the plug 66 further into the insert
38 the volume can be decreased and vice versa.

The barrel insert 38 may comprise a rear portion 62 and a
forward portion with the forward portion including the distal
end. A shoulder on the insert 38, on the rear portion in this
embodiment, limits the movement of the insert 38 into the
barrel.

In an alternative arrangement for varying the size of the
volume, the two portions may be removably attached together
such that the forward portion (or rearward portion) may be
exchanged with a different forward portion (or rearward por-
tion). The exchanged forward portion may have been tuned,
¢.g. have different dimensions, for use with a different pro-
jectile or propellant load.

FIG. 3 shows a proximal end may include a spigot 68 for
attaching the portions together. The spigot 68 may be hollow
and define part of the volume of chamber 42. The spigot 68
may be open at both ends to allow the chamber 42 to com-
municate with a chamber 64 1n the rear portion 62.

When functioning as a breech closure, the insert 38 may
also seal the breech. For sealing the breech, the embodiment
of FIG. 3 includes an expandable seal 70 surrounding the
sp1got 68 between the forward portion and rear portion 62.
For a dynamic sealing of the breach, the spigot 68 may be
slidably attached to the rear portion. During firing of at least
the last projectile, the forward portion slides relatively to the
rear portion 62, compressing the seal 70 which expands into
sealing engagement with surrounding surfaces. The slidable
attachment may include a clip such as a cir-clip 1n clip groove
90 (see FIG. 6).

Another embodiment of the invention 1s shown 1n FIG. 4.
In this embodiment the insert 38 includes the breech closure.
This includes a breech mechanism 74, such as a breech block
or breech plate, which holds the insert in position in the barrel.
The parts of the breech mechanism which fix the breech block
relative to the barrel are not included 1n this description. The
breech block may extend partially into the barrel. As shown in
FIG. 4, this embodiment may 1nclude the sliding spigot 68,
clip 76 and compressible seal 70 described 1n respect to FIG.
3. A further washer 72 may be added where the breech block
does not extend into the barrel. The washer provides for a
more controlled expansion of the seal 70.

A further varation of the embodiment of F1G. 4 1s shown 1n
FIG. 5. The spigot 68 may be open at both ends with the rear
end attaching to arear portion 78 on the rear side of the breech
block 74. As described above the rear portion may be
arranged to be readily exchangeable with a different rear
portion 78 for firing different projectiles, propellant loads or
ranges. Alternatively or 1n addition, the rear portion 78 may
include a plug 66 as shown in FI1G. 5 and described above. The
rear portion 1s shown as being attached to the forward portion
sp1got by a coupling 80 such as a threaded, bayonet or other
coupling. If the rear portion 1s not readily exchangeable a clip
and groove 76 (see FIG. 4) connection could be used. Should
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the embodiment include a readily exchangeable rear portion
as well as the sliding spigot 68 and expandable seal 70 mecha-
nism, the spigot may also include a cir-clip between the rear
portion 78 and breech bock 72.

An alternative embodiment of the mvention 1s shown 1n
FIGS. 6 and 7. The proximal end includes a pillar 82 to
support the distal end 1n position rather than the apertured
cylinder type support of the embodiments shown in FIGS. 3 to
5. The example of this embodiment shown in FIG. 6 includes
the breech closure. The breech closure may be any of those
previously described or combination of features thereot. FIG.
6 shows a breech closure similar to the embodiment of F1G. 4.
Namely, a breech block 74 and slidable spigot 88 and expand-
able seal 70. The rear portion includes spi1got 88 and a flange
86 for compressing expandable seal 70 and 1s attached to
pillar 82. As described above for other embodiments the
sp1got 88 may be held on the breech block 74 by cir-clip 90.

Alternatively, as shown in FIG. 7, the pillar 82 may be
directly attached to the breech block 92. The attachment may
be readily releasable so that the distal end and pillar 82 (or a
portion of the pillar) may be readily exchanged. Or, the breech
block 92 may be readily exchanged. In the example of the
embodiment shown 1n FIG. 7 the breech block 92 1n any of the
embodiment may define some of the volume. In this example
of such an embodiment, such a volume may be external to the
barrel. FIG. 7 also shows an alternative sealing arrangement
with seal 94.

The spigot 68, examples of which are shown 1n FIGS. 3 to
5 may be integral with (or part of) the rear portion rather than
the forward portion. Stmilarly, the pillars 82 of FIGS. 6 and 7
may be integral with (or part of) the rear portion (FIG. 6) or
the breech block (FIG. 7). Or the pillar may include separable
ends with one end being a part of the forward portion and the
other end part of the rear portion (FIG. 6) or breech block
(F1G. 7)

The mvention also provides for a method of configuring a
stacked projectile launcher 1n this manner. The launcher has a
barrel with a plurality of axially stacked projectiles, with each
projectile associated with a discrete selectively 1ignitable pro-
pellant charge, as described above. The barrel and projectiles
together define discrete expansion volumes for each propel-
lant charge. By providing the volume predetermined to be
proportional to the expansion volumes defined for the other
projectiles behind the rearmost projectile in the barrel, 1t 1s
possible to minimise muzzle velocity variation between the
projectiles when each propellant charge 1s 1gnited.

Persons skilled 1n the art will appreciate that numerous
variations and modifications will become apparent. All such
variations and modifications which become apparent to per-
sons skilled 1n the art should be considered to fall within the
spirit and scope of the invention broadly appearing before and
now described 1n more detail.

It 1s to be appreciated that reference to “one embodiment”™
or “an embodiment™ of the invention 1s not made 1n an exclu-
stve sense. Accordingly, one embodiment may exemplily
certain aspects of the invention, whilst other aspects are
exemplified 1n a different embodiment. These examples are
intended to assist the skilled person in performing the mven-
tion and are not intended to limit the overall scope of the
invention in any way unless the context clearly indicates
otherwise.

Features that are common to the art are not explained 1n any
detail as they are deemed to be easily understood by the
skilled person. Similarly, throughout this specification, the
term “‘comprising” and 1ts grammatical equivalents shall be
taken to have an inclusive meaning, unless the context of use
clearly indicates otherwise.
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The mvention claimed 1s:

1. A barrel insert for use with a barrel containing a plurality
of axially stacked projectiles, the barrel insert comprising:

a proximal end; and

a distal end, the distal end adapted to engage a proximally

disposed projectile of the plurality of axially stacked
projectiles disposed in the barrel and including a wall
across the distal end of the barrel insert, the barrel insert
defining an expansion volume for propellant gases for
launching the proximally disposed projectile at a prede-
termined velocity, wherein the expansion volume 1s in
part defined by a proximal side of the wall.

2. The barrel insert according to claim 1, wherein the distal
end includes a circumierential groove adapted to engage a
clip on the proximally disposed projectile disposed in the
barrel.

3. The barrel isert according to claim 1, wherein the
expansion volume 1s defined 1n part by a chamber within the
insert, a distal end of the chamber including the wall and the
insert including at least one aperture in communication with
the chamber.

4. The barrel 1nsert according to claim 3, wherein the at
least one aperture 1s disposed in the proximal end of the insert.

5. The barrel insert according to claim 1, wherein a portion
of the proximal end of the barrel insert extends from the
barrel, 1n use.

6. The barrel insert according to claim 1, further including
a breech closure for closing the breech of the barrel.

7. The barrel msert according to claim 1, further including,
a sp1got extending from the proximal end.

8. The barrel insert according to claim 7, wherein the
volume extends 1nto the spigot.

9. The barrel insert according to claim 8, further including
a rear portion attached to an end of the spigot, the chamber
extending through the spigot and into the rear portion.

10. The barrel insert according to claim 1, wherein the
barrel msert includes a compressible seal adjacent the proxi-
mal end.

11. The barrel msert according to claim 1, wherein 1n use
the propellant gases communicate with the expansion volume
defined by the proximal end side of the wall only from the
proximal end of the engagement with the projectile.

12. The barrel insert according to claim 1, wherein the

distal end includes a nose having a shape matching a shape of

a nose of the projectile.
13. The barrel insert according to claim 1, further compris-
ing a pillar for supporting the distal end in position, a flange
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toward the proximal end of the pillar, and a spigot surrounded
by a compressible seal on the proximal end of the flange.

14. A method of finng a plurality of axially stacked pro-
jectiles from a single barrel, each projectile associated with a
discrete selectively 1gnitable propellant charge, the method
including the steps of:

stacking the projectiles axially 1n the barrel, the barrel and

projectiles together defining discrete expansion volumes
for each propellant charge,

providing a volume behind a wall across the barrel behind

the rearmost projectile 1n the barrel, said volume prede-
termined to be larger than the expansion volumes
defined for the other projectiles to minimize muzzle
velocity variation between the rearmost projectile and
the other projectiles in the barrel; and

firing the projectiles sequentially.

15. A method according to claim 14, wherein the step of
providing the volume includes the step of inserting a barrel
insert including the wall 1nto the barrel to locate the rearmost
projectile 1n a predetermined position 1n the barrel.

16. A method according to claim 14, wherein the step of
providing the volume includes the step of providing a barrel
closure including the wall behind the rearmost projectile,
wherein the barrel closure at least partially defines the vol-
ume.

17. A method of configuring a stacked projectile launcher,
the launcher having a barrel with a plurality of axially stacked
projectiles, each projectile associated with a discrete selec-
tively 1gnitable propellant charge, the barrel and projectiles
together defining discrete expansion volumes for each pro-
pellant charge, said method including the step of providing a
volume behind a wall across the barrel behind the rearmost
projectile in the barrel, said volume predetermined to be
proportional to the expansion volumes defined for the other
projectiles to minimize muzzle velocity variation between the
projectiles when each propellant charge 1s 1gnited.

18. A method according to claim 17, wherein the step of
providing the volume includes the step of inserting a barrel
insert including the wall 1nto the barrel to locate the rearmost
projectile 1n a predetermined position 1n the barrel.

19. A method according to claim 17, wherein the step of
providing the volume includes the step of providing a barrel
closure including the wall behind the rearmost projectile,
wherein the barrel closure at least partially defines the vol-
ume.
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